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respective individual cyclone control signaling x(1) and the
median control signaling X, applying the scaling factor A, to
cach respective difference, and normalizing the sum by the
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entering hydrocyclones 34 arranged in a battery configuration

A signal processor 12 configured at least {o:

receive signaling containing information about respective individual
cyclone control sighaling x(i) for each individual cyclone being evaluated
and controlled, median control signaling X of all of the respective individual
cyclone control signaling x, a scale factor Ai and a number N of the
individual cyclones being evaluated and controlled;

determine primary control signaling C containing information to control
the slurry flowing from the incoming piping and entering the hydrocyclones
arranged in the battery contiguration by taking the median control sighaling
¥ and adding a correction factor, where the correction factor is determined

individual cyclone control signaling xi; and the median control signaiing X,
applying the scaling factor Ai 1o each respective difference, and
normalizing the sum by the number N of the individual cyclones being
evaluated and controlled, based upon the signaling received; and/or

provide the primary control signaling C as control signaling to control
the flow rate and pressure of the slurry flowing from the incoming piping
and entering the hydrocyclones e.q., using a flow rate and pressure
regulator 50 (Fig. 5).

| underlying invention, e.g., including input/output modules, one or more memory
i modules, data, address and control busing architecture, etc.

oy
i i i e i i e o i i o i i i i e i i e o i i o i i i i e i i e o i e o i i o i e i i e o i e o i i o i e i i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e o i e

Figure 3: The Controller 10
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20

20a: Receiving, with a signal processor 12, signaling containing information
about respective individual cyclone control signating x(i) for each individual
cycione being evaluated and controlled, median control signaling ¥ of all of the
respective individual cyclone control signaling x, a scale factor Ai and a
number N of the individual cyclones being evaluated and controlied

20b: Determining, with the signal processor 12, primary control signaling C
containing information to control the siurry flowing from the incoming piping ;;
and entering the hydrocyclones arranged in the battery configuration by taking |
the median control signaling ¥ and adding a correction factor, where the
correction factor is determined by taking a sum of a respective difference of
each of the respective individual cyclone control signaling xi and the median |
control signaling X, applying the scaling factor Ai to each respective difference, |
and normalizing the sum by the number N of the individual cyclones being
evaluated and controlied, based upon the signaling received.

20c¢: Providing, with the signal processor 12, the primary control signaling € to control
the flow rate and pressure of the slurry flowing from incoming piping and entering
hydrocyclones, e.g., using a flow rate and pressure regulator 50

Figure 4: The Basic Method MHaving a Howchart 20



U.S. Patent Oct. 27, 2020 Sheet 5 of 5 US 10,814,339 B2

A particle size tracking (PST) system 30 having a slurry flowing via an incoming
piping 32 into hydrocyclones 34 arranged in a battery configuration, and exiting the
hydrocyclones 34 via an overflow pipe 36

1 Hydrocyclones 34 arranged in a battery configuration |
~having the incoming pipe 32 for passing a slurry to the | 3° ,
______________ - hydrocyclones, and also having the overflow pipe 36 e

50 ~for providing a processed slurry from the hydrocyclones | 40

~arranged in the battery configuration, e.g., having a
- signal processor 12 configured to implement the signal X{i)
C . processing functionality shown in Figure 3

.
/ A controller 10 for controlling a siurry flowing from the \
/ | incoming piping 32 and entering hydrocyclones 34 \

Figure 5. The Particle Size Tracking (PST) System 30



US 10,814,339 B2

1

WEIGHTED MEDIAN METHOD FOR PST
CONTROL SIGNAL DETERMINATION
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2
BACKGROUND OF THE INVENTION

1. Field of Invention

This mvention relates to a technique for the tracking
particle size of a slurry; and more particularly, to a controller
for the tracking particle size of a slurry that 1s passing
through a pipe in a hydrocyclone battery 1n a mineral
extraction processing system, including extracting a mineral
from ore, and providing control signaling for operating the
hydrocyclone battery based upon the same.

2. Description of Related Art

In the prior art, a Particle Size Tracking (PST) system,
¢.g., developed by the assignee of the present invention, 1s
able to give a particle size indication of the slurry that is
passing through a pipe. This PST system can be imple-
mented 1n a variety of locations, however, one important
location 1s on the overtlow pipe of hydrocyclones. Typically,
hydrocyclones are arranged 1n a battery configuration, where
a battery consists of a number of hydrocyclones that are fed
by a single incoming pipe. The hydrocyclones separate the
incoming slurry by particle size with the desired particles
flowing out the overtlow pipe. The assignee’s PST system
can then provides an indication of the particle size being
passed by each individual hydrocyclone in the battery.
Typically, control of the slurry entering the hydrocyclones
can be accomplished on a battery basis, 1.¢. the flow rate and
pressure ol the incoming pipe can be controlled but there 1s
limited control of the individual hydrocyclones aside from a
simple on/ofl valve. Therefore, to act on the information that
the PST system provides, the individual signals from each
hydrocyclones” PST system must be combined into a single
control signal. There are a variety of ways to do this that
have been previously discussed, including taking the aver-
age or possibly the median of the signals. However, there are
some drawbacks to these known methods: the average will
too heavily weight an outlier hydrocyclone and possibly
cause a control loop to over compensate and get into a
run-away condition, while the median signal totally ignores
the outlier hydrocyclones and will potentially provide a very
noisily control signal.

In view of this, there 1s a need for a better way both for
tracking particle size of a slurry, e.g., that 1s passing through
a pipe 1 a hydrocyclone battery in a mineral extraction
processing system, including extracting a mineral from ore,
and for providing control signaling for operating the hydro-
cyclone battery based upon the same.

SUMMARY OF THE INVENTION

The Present Invention

The present invention provides a new technique that
builds upon these two known methods set forth above, e.g.,
based upon using a weighted median approach for PST
control signal determination. In addition, the present inven-
tion also provides a new technique for removing one or more
out-of-class hydrocyclones before an average 1s taken, that
would greatly enhance the performance of the known aver-
age signal generation method set forth above.

Particular Embodiments

In 1ts broadest sense, the present invention may include,
or take the form of, a technique for tracking the particle size
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of a slurry, e.g., that 1s passing through a pipe 1 a hydro-
cyclone battery 1 a mineral extraction processing system,
including extracting a mineral from ore, and for providing
control signaling for operating the hydrocyclone battery
based upon the same.

According to some embodiments of the present invention,
the technique may include, or take the form of, a controller,
¢.g. for controlling a slurry flowing from incoming piping
and entering hydrocyclones arranged in a battery configu-
ration, featuring a signal processor configured at least to:

receive signaling contaiming information about respective

individual cyclone control signaling x(1) for each indi-
vidual cyclone being evaluated and controlled, median
control signaling X of all of the respective individual
cyclone control signaling x(1), a scale factor A, and a
number N of the imndividual cyclones being evaluated
and controlled; and

determine primary control signaling C containing infor-

mation to control the slurry tlowing from the mncoming
piping and entering the hydrocyclones arranged 1n the
battery configuration by taking the median control
signaling X and adding a correction factor, where the
correction factor 1s determined by taking a sum of a
respective difference of each of the respective indi-
vidual cyclone control signaling x(1) and the median
control signaling X, applying the scaling factor A, to
cach respective diflerence, and normalizing the sum by
the number N of the individual cyclones being evalu-
ated and controlled, based upon the signaling received.

The present invention may also include one or more of the
tollowing features:

The signal processor may be configured to determine the
primary control signaling C using the following equation:

(Equation 1)

Ly (x(D) — X) * A
+ .
N

C=x

The correction factor may takes the form of the equation:

EN(X(I) — .i) % A;
N .

e

X+

The signal processor may be configured to provide the
primary control signaling C to control the flow rate and
pressure ol the slurry flowing from incoming piping and
entering hydrocyclones, e.g., using a tlow rate and pressure
regulator.

The respective mndividual cyclone control signaling x(1)
may contain information about the particle size P(1) of
particles passing through each of the individual cyclones
being evaluated and controlled.

The respective individual cyclone control signaling x(1)
may be generated by individual cyclone sensors arranged
on, or in relation to, each of the imndividual cyclones being
evaluated and controlled.

The individual cyclone sensors may be arranged on
individual overflows of the individual cyclones being evalu-
ated and controlled.

The signal processor may be configured to remove the
respective individual cyclone control signaling x(1) recerved
from one or more out-oi-class hydrocyclones 1n the battery
configuration, and determine the primary control signaling C
to control the slurry flowing from the incoming piping and
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entering the hydrocyclones arranged 1n the battery configu-
ration based upon this removal.

The signal processor may be configured to remove all
out-of-class hydrocyclones that deviate from a predeter-
mined median by a certain amount or a certain number of
standard deviations away from the predetermined median
before an average calculation 1s performed.

The signal processor may be configured to remove any
out-of-class hydrocyclone where the respective diflerence of
cach of the respective individual cyclone control signaling
x(1) and the median control signaling X deviates from a
predetermined median by a certain amount or a certain
number of standard deviations away from the predetermined
median before an average calculation i1s performed.

The controller may form part of a particle size tracking
(PST) system that 1s configured to give a particle size
indication of the slurry that 1s passed from individual
hydrocyclones 1n the battery configuration, including from
one or more overtlow pipes of the individual hydrocyclones.

The signal processor may be configured to combine the
respective individual cyclone control signaling x(1) for each
individual cyclone being evaluated and controlled into the
primary control signaling C determined.

According to some embodiments, the present mvention
may take the form of a PST system, e.g., having a controller
for controlling a slurry flowing from incoming piping and
entering hydrocyclones arranged 1n a battery configuration.
The PST system may include hydrocyclones arranged 1n a
battery configuration having incoming pipe for passing a
slurry to the hydrocyclones, and also having one or more
overflow pipes for providing a processed slurry from the
hydrocyclones, and may also include the controller having a
signal processor configured to implement the signal pro-
cessing functionality set forth above. The system may also
include one or more other features, e.g., consistent with that
set forth above.

According to some other embodiments, the present inven-
tion may take the form of a method for controlling a slurry
flowing from incoming piping and entering hydrocyclones
arranged 1n a battery configuration, featuring steps for

receirving, with a signal processor, signaling containing

information about respective individual cyclone control
signaling x(1) for each individual cyclone being evalu-
ated and controlled, median control signaling X of all of

the respective individual cyclone control signaling x(1),
a scale factor A, and a number N of the individual
cyclones being evaluated and controlled; and

determining, with the signal processor, primary control
signaling C containing information to control the slurry
flowing from the incoming piping and entering the
hydrocyclones arranged in the battery configuration by
taking the median control signaling X and adding a
correction factor, where the correction factor 1s deter-
mined by taking a sum of a respective difference of
cach of the respective individual cyclone control sig-
naling x(1) and the median control signaling X, applying
the scaling factor A, to each respective diflerence, and
normalizing the sum by the number N of the individual
cyclones being evaluated and controlled, based upon
the signaling recerved.

The signal processor or signal processor module may
include, or take the form of, a signal processor and at least
one memory including a computer program code, where the
signal processor and at least one memory are configured to
cause the controller to implement the signal processing
functionality of the present invention, e.g., to respond to
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signaling received and to determine the primary control
signaling C, based upon the signaling received.

According to some embodiment, the present invention
may take the form of apparatus comprising means for
receiving signaling containing information about respective
individual cyclone control signaling x(1) for each individual
cyclone being evaluated and controlled, median control
signaling X of all of the respective individual cyclone control
signaling x(1), a scale factor A, and a number N of the
individual cyclones being evaluated and controlled; and
means for determining primary control signaling C contain-
ing information to control the slurry tflowing from the
incoming piping and entering the hydrocyclones arranged 1n
the battery configuration by taking the median control
signaling X and adding a correction factor, where the cor-
rection factor 1s determined by taking a sum of a respective
difference of each of the respective individual cyclone
control signaling x(1) and the median control signaling X,
applying the scaling factor A, to each respective difference,
and normalizing the sum by the number N of the individual
cyclones being evaluated and controlled, based upon the
signaling receirved, consistent with that set forth herein.

According to some embodiments, the present imnvention
may also take the form of a computer-readable storage
medium having computer-executable components for per-
forming the steps of the aforementioned method. The com-
puter-readable storage medium may also include one or
more of the features set forth above.

One advantage of the present invention 1s that 1t provides
a better way both for tracking particle size of a slurry, e.g.,
that 1s passing through a pipe 1n a hydrocyclone battery 1n a
mineral extraction processing system, including extracting a
mineral from ore, and for providing control signaling for
operating the hydrocyclone battery based upon the same.

BRIEF DESCRIPTION OF THE DRAWING

The drawing includes FIGS. 1-5, which are not necessar-
1ly drawn to scale, as follows:

FIG. 1 shows a graph of raw hydrocyclone outputs, e.g.,
having 19 outputs, even though about half of the hydrocy-
clones may be ON at any given point.

FIG. 2 shows a graph of control signals using various
techniques, e.g., including the prior art average and median
techniques, as well as weighted median technique according,
to some embodiments of the present invention.

FIG. 3 1s a block diagram of a controller having a signal
processor for implementing signal processing control func-
tionality, according to some embodiments of the present
invention.

FIG. 4 1s a flowchart of a method having steps for
implementing signal processing functionality with a signal
processor, according to some embodiments of the present
invention.

FIG. 5 1s a block diagram of a particle size tracking
system having hydrocyclones and a controller having a
signal processor for implementing signal processing func-
tionality to control the operation of the hydrocyclones,
according to some embodiments of the present invention.

DETAILED DESCRIPTION OF BEST MODE OF
THE INVENTION

Summary of Basic Invention

In summary, the present invention provides a primary
control signal generation method that gives limited weight to
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outlier hydrocyclones while still providing a stable control
signal. The equation for the generation of this control signal

1s given below:

Ly (x(i) — X) = A; (Equation 1)

N

C=Xx+

The control signal C 1s given 1n Equation 1, where x(1) 1s
the individual hydrocyclone signal, X 1s the median of all the
N hydrocyclones, and A, 1s a scale factor. Essentially, this
equation takes the median and adds a correction factor to 1t
that 1s based on the sum of the diflerences of each individual
hydrocyclone with the median and with a scale factor
applied to each. It 1s then normalized by the number N of
hydrocyclones that are evaluated. This uses the benefit of the
outlier rejection of the base median signal, but adds 1n a
correction that 1s biased by the deviation of each hydrocy-
clones signal from the median 1n a controlled manner. This
results 1n adding 1 some limited contribution from the
non-median signals and reducing the potential noise on the
median signal.

FIGS. 1 and 2 show an example case that demonstrate the
performance of this technique.

For example, FIG. 1 shows the raw hydrocyclones output.
There are 19 hydrocyclones however only about half of
them are typically ON at any point, and they switch around.
In FIG. 2, out-of-class events are seen, one approximately 14
of the way 1nto the plot (e.g., between t(14:35) and t(17:33)),
the other at about at the 34 mark (e.g., at about t(0:35)). FIG.
2 shows the control signals using the various techniques
discussed, namely: the average, median and weighted
median. It 1s interesting to note how the median and average
deviate 1n different ways from the middle of the hydrocy-
clones signals during the out-oi-class events. The behavior
of the weighted mean 1s seen during these out-of-class
events as well as during the typical running conditions. As
would be expected during normal operating conditions, all
three methods produce very similar control signals.

An alternative approach that may also be utilized, par-
ticularly with the average control scheme, 1s to remove one
or more of the out-of-class hydrocyclones from the control
signal calculation. An optimum control signal generation
strategy would remove the hydrocyclones that deviate from
the median by a certain amount or a certain number of
standard deviations away from the median before the aver-
age calculation 1s performed. This removal would result 1n
preventing the average signal from being significantly
biased by the out-of-class hydrocyclones and give a more
representative control signal.

The following 1s a discussion of specific examples or
implementations, according to some embodiments of the
present 1nvention.

FIG. 3

By way of example, FIG. 3 shows a controller generally
indicated as 10, e.g. having at least one signal processor 12
for implementing the signal processing functionality accord-
ing to some embodiments of the present mmvention. In
operation, the at least one signal processor 12 may be
configured to:

recerve signaling containing information about respective

individual cyclone control signaling x(1) for each 1ndi-
vidual cyclone being evaluated and controlled, median
control signaling X of all of the respective individual
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cyclone control signaling x(1), a scale factor A, and a
number N of the imndividual cyclones being evaluated
and controlled; and
determine primary control signaling C contaiming infor-
mation to control the slurry tlowing from the mncoming
piping and entering the hydrocyclones arranged in the
battery configuration by taking the median control
signaling X and adding a correction factor, where the
correction factor 1s determined by taking a sum of a
respective diflerence of each of the respective indi-
vidual cyclone control signaling x(1) and the median
control signaling X, applying the scaling factor A to
cach respective diflerence, and normalizing the sum by
the number N of the individual cyclones being evalu-
ated and controlled, based upon the signaling received.
By way of example, the signal processor 12 may be
configured to determine the primary control signaling C
using the following equation:

EN (x(f) — .f) o Ag
4+ .
N

Equation 1
o (Bq )

By way of further example, the signal processor may be
configured to provide the primary control signaling C to
control the flow rate and pressure of the slurry flowing from
incoming piping and entering hydrocyclones.

By way of still further example, the correction factor may
takes the form of the equation:

e

EN(X(I') — E) # A;
X+ .

N

By way of still further example, the signaling received
may include respective individual cyclone control signaling,
x(1) for each individual cyclone being evaluated and con-
trolled, e.g., that may be received from one or more indi-
vidual cyclone sensors 40 (FIG. 5) arranged on each of the
one or more of the individual cyclones being evaluated and
controlled. By way of further example, the signaling

received may also include the median control signaling X of

all of the respective individual cyclone control signaling
x(1), the scale factor A, and the number N of the individual
cyclones being evaluated and controlled, e.g., that may be
stored 1n, and recetved from, a memory module 1n which this
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information may be retrieved, e.g., which may form part of

the other signal processor circuits or components 14 (FIG.
3).

The at least one signal processor 12 may also be config-
ured to determine the primary control signaling C containing,

information to control the slurry flowing from the mncoming
piping 32 (FIG. 5) and entering the hydrocyclones 34 (FIG.
5) arranged 1n the battery configuration, based upon the
signaling received. A person skilled 1n the art would appre-
ciate and understanding without undue experimentation,
especially after reading the instant patent application
together with that known 1n the art, e.g., how to implement
suitable signaling processing functionality to make one or
more such determinations.

The signal processor 12 may be configured to provide the
primary control signaling C, e.g., to a flow rate and pressure
regulator 50 (FIG. 5). By way of example, the primary
control signaling C provided may contain information to
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control the slurry flowing from the incoming piping and
entering the hydrocyclones 34 (FIG. 5) arranged in the

battery configuration.

The functionality of the signal processor or processor
module 12 may be implemented using hardware, solftware,
firmware, or a combination thereof. In a typical software
implementation, the processor module may include one or
more microprocessor-based architectures having a micro-
processor, a random access memory (RAM), a read only
memory (ROM), mmput/output devices and control, data and
address buses connecting the same, e.g., consistent with that
shown 1n FIG. 3, e.g., see element 14. A person skilled 1n the
art would be able to program such a microprocessor-based
architecture(s) to perform and implement such signal pro-
cessing functionality described herein without undue experi-
mentation. The scope of the mvention 1s not itended to be
limited to any particular implementation using any such
microprocessor-based architecture or technology either now
known or later developed 1n the future.

By way of example, the controller 10 may also include,
¢.g., other signal processor circuits or components 14 that do
not form part of the underlying invention, e.g., including
input/output modules, one or more memory modules, data,
address and control busing architecture, etc. In operation, the
at least one signal processor 12 may cooperation and
exchange suitable data, address and control signaling with
the other signal processor circuits or components 14 in order
to implement the signal processing functionality according
to the present invention. By way of example, the signaling
may be received by such an mput module, provided along
such a data bus and stored in such a memory module for later
processing, €.g., by the at least one signal processor 12. After
such later processing, processed signaling resulting from
any such determination may be stored in such a memory
module, provided from such a memory module along such
a data bus to such an output module, then provided from
such an output module as the primary control C, e.g., by the
at least one signal processor 12.

According to at least some embodiments of the present
invention, and consistent with that set forth herein, it 1s also
noted that the respective difference of each of the respective
individual cyclone control signaling x(1) and the median
control signaling X may include, or may take the form of, or
may be understood to be, an absolute difference, as a person
skilled 1n the art would appreciate.

FIG. 4

FIG. 4 shows a method generally indicated as 20 having
steps 20a, 206 and 20¢ for implementing the signal process-
ing functionality or algorithm, e.g., with at least one signal
processor like element 12 1n FIG. 3, according to some
embodiments of the present invention.

The method 20 may include a step 20qa for receiving, with
a signal processor like element 12, signaling containing
information about respective individual cyclone control sig-
naling x(1) for each individual cyclone being evaluated and
controlled, median control signaling X of all of the respective
individual cyclone control signaling x(1), a scale factor A,
and a number N of the individual cyclones being evaluated
and controlled, e.g., consistent with that set forth herein.
The method 20 may include a step 205 for determining,
with the signal processor 12, primary control signaling C
containing mnformation to control the slurry flowing from the
incoming piping 32 (FIG. 5) and entering the hydrocyclones
34 (FI1G. 5) arranged 1n the battery configuration by taking

the median control signaling X and adding a correction
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tactor, where the correction factor 1s determined by taking a
sum ol a respective diflerence of each of the respective
individual cyclone control signaling x(1) and the median
control signaling X, applying the scaling factor A, to each
respective difference, and normalizing the sum by the num-
ber N of the imdividual cyclones being evaluated and con-
trolled, based upon the signaling received.

The method 20 may also include a step 20c¢ for providing,
with the signal processor 12, the primary control signaling,
C to control the tlow rate and pressure of the slurry tlowing
from incoming piping and entering hydrocyclones, e.g.,
using the tlow rate and pressure regulator 50 (FIG. 5)

The method may also include one or more steps for
implementing other features of the present invention set
forth herein, including steps for making the various deter-
minations associated with one or more statistical algorithms
or techniques, e.g., consistent with that set forth herein.

FIG. 5: The PST System 30

FIG. § shows a particle size tracking (PST) system
generally indicated as 30 having a slurry flowing via the
incoming piping 32 into the hydrocyclones 34 arranged 1n
the battery configuration, and exiting the hydrocyclones 34
via one or more overtlow pipes 36. The hydrocyclones 34
are arranged 1n a battery configuration having the one or
more incoming pipes 32 for passing the slurry to the
hydrocyclones 34, and also having the one or more overflow
pipes 36 for providing a processed slurry from the hydro-
cyclones 34. The PST system 30 may include one or more
individual cyclone sensors 40 arranged on each of the one or
more individual cyclones in the hydrocyclone 34 being
evaluated and controlled. In operation, the respective indi-
vidual cyclone control signaling x(1) may contain informa-
tion about the particle size P(1) of particles passing through
cach of the mdividual cyclones being evaluated and con-
trolled; and the respective individual cyclone control sig-
naling x(1) may be generated by the individual cyclone
sensors 40 arranged on each of the mndividual cyclones being
evaluated and controlled. The PST system 30 may also
include the flow rate and pressure regulator S0 that responds
to the primary control signaling C provided by the controller
10, and controls the slurry flowing from the incoming piping
32 and entering the hydrocyclones 34 arranged 1n the battery
configuration, e.g., by regulating the flow rate and pressure
the slurry flowing from the incoming piping 32.

The PST system 30 also includes the controller 10 (see
also FI1G. 3) having the signal processor 12 for implementing
signal processing control functionality to control the opera-
tion of the hydrocyclones, according to some embodiments
of the present invention. In operation, the controller 10 1s
configured for controlling the slurry flowing from the
incoming piping 32 and entering the hydrocyclones 34
arranged 1n the battery configuration, e.g., having the signal
processor 12 configured to implement the signal processing
functionality shown 1n FIG. 3.

The PST system 30 also includes other components 38 in
the PST system that do not form part of the underlying
invention, €.g., which would be understood and appreciate
by a person skilled in the art.

Hydrocyclones like element 34, cyclone sensors like
clement 40 and flow rate and pressure regulators like ele-
ment 50 are known 1n the art, and the scope of the invention
1s not mntended to be limited to any particular type or kind
thereol, e.g., either now known or later developed 1n the

future. By way of example, see the assignee’s family of
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related hydrocyclone-related patent applications set forth
above, as well as assignee’s hydrocyclone products and

patents set forth below.

The Assignee’s Hydrocyclone Products and Patents

By way of example, the assignee of the instant patent
application has developed hydrocyclone products, which are
disclosed 1n one or more of the following granted U.S. Pat.
Nos. 6,354,147; 6,435,030; 6,587,798; 6,601,438; 6,609,
069; 6,691,584; 6,732,575, 6,813,962; 6,862,920; 6,889,
562; 6,988,411; 7,032,432; 7,058,549; 7,062,976; 7,086,
2778; 7,110,893; 7,121,152; 7,127,360, 7,134,320; 7,139,
667; 7,146,864; 7,150,202; 7,152,003; 7,152,460; 7,163,
464; 7,275,421; 7,359,803; 7,363,800; 7,367,240, 7,343,
820; 7,437,946, 7,529,966; and 7,657,392, which are all
incorporated by reference in their entirety. The disclosure
herein related to the present invention i1s intended to be
interpreted consistent with the family of technologies dis-
closed 1n all the 1ssued patents incorporated by reference
herein.

A ]

The Scope of the Invention

While the invention has been described with reference to
an exemplary embodiment, 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereotf without
departing from the scope of the invention. In addition, may
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, 1t 1s 1ntended
that the invention not be limited to the particular embodi-
ment(s) disclosed herein as the best mode contemplated for
carrying out this imnvention.

What 1s claimed 1s:

1. A controller for controlling a slurry flowing from
incoming piping and entering hydrocyclones arranged in a
battery configuration, comprising:

a signal processor configured to

receive signaling containing information about respec-
tive individual cyclone control signaling x(1) for each
individual cyclone being evaluated and controlled,
median control signaling X of all of the respective
individual cyclone control signaling x(1), a scale
factor A, and a number N of the individual cyclones
being evaluated and controlled; and

determine primary control signaling C containing
information to control the slurry flowing from the
incoming piping and entering the hydrocyclones
arranged 1n the battery configuration by taking the
median control signaling X and adding a correction
factor, where the correction factor 1s determined by
taking a sum of a respective difference of each of the
respective individual cyclone control signaling x(1)
and the median control signaling X, applying the
scaling factor A, to each respective difference, and
normalizing the sum by the number N of the 1ndi-
vidual cyclones being evaluated and controlled,
based upon the signaling received.

2. A controller according to claim 1, wherein the signal
processor 1s configured to determine the primary control
signaling C using the following equation:
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N 2y (x(i) — X) % A; (Equation 1)

N

C=x

3. A controller according to claim 1, wherein the signal
processor 1s configured to provide the primary control
signaling C to control the flow rate and pressure of the slurry
flowing from incoming piping and entering hydrocyclones.

4. A controller according to claim 1, wherein the correc-
tion factor may takes the form of the equation:

T

EN(x(f) — i) * A;
X + :

N

5. A controller according to claim 1, wherein the respec-
tive mndividual cyclone control signaling x(1) contains infor-
mation about the particle size P(1) of particles passing
through each of the individual cyclones being evaluated and
controlled; and
the respective individual cyclone control signaling x(1) are
generated by individual cyclone sensors arranged on each of
the individual cyclones being evaluated and controlled.

6. A controller according to claim 5, wherein the indi-
vidual cyclone sensors are arranged on individual overflows
of the imndividual cyclones being evaluated and controlled.

7. A controller according to claim 1, wherein the signal
processor 1s configured to remove the respective mndividual
cyclone control signaling x(1) recerved from one or more
out-of-class hydrocyclones in the battery configuration, and
determine the primary control signaling C to control the
slurry flowing from the mmcoming piping and entering the
hydrocyclones arranged in the battery configuration based
upon this removal.

8. A controller according to claim 7, wherein the signal
processor 1s configured to remove all out-of-class hydrocy-
clones that deviate from a predetermined median by a
certain amount or a certain number of standard deviations
away Irom the predetermined median before an average
calculation 1s performed.

9. A controller according to claim 7, wherein the signal
processor 1s configured to remove any out-of-class hydro-
cyclone where the respective difference of each of the
respective individual cyclone control signaling x(1) and the
median control signaling X deviates from a predetermined
median by a certain amount or a certain number of standard
deviations away from the predetermined median before an
average calculation 1s performed.

10. A controller according to claim 1, wherein the con-
troller forms part of a particle size tracking (PST) system
that 1s configured to give a particle size indication of the
slurry that 1s passed from individual hydrocyclones in the
battery configuration, including from one or more overflow
pipes of the individual hydrocyclones.

11. A controller according to claim 1, wherein the signal
processor 1s configured to combine the respective individual
cyclone control signaling x(1) for each individual cyclone
being evaluated and controlled into the primary control
signaling C determined.

12. A particle size tracking (PST) system for controlling
a slurry tlowing from incoming piping and entering hydro-
cyclones arranged 1n a battery configuration, comprising:

hydrocyclones arranged 1n a battery configuration having

an incoming pipe for passing a slurry to the hydrocy-
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clones, and also having one or more overtlow pipes for
providing a processed slurry from the hydrocyclones;

and
a controller having a signal processor configured to
receive signaling containing information about respec-
tive individual cyclone control signaling x(1) for each
individual cyclone 1n the hydrocyclones arranged in
the battery configuration being evaluated and con-
trolled, median control signaling X of all of the
respective mdividual cyclone control signaling x(1),
a scale factor A, and a number N of the individual
cyclones being evaluated and controlled; and
determine primary control signaling C containing
information to control the slurry flowing from the
incoming piping and entering the hydrocyclones
arranged 1n the battery configuration by taking the
median control signaling X and adding a correction
factor, where the correction factor 1s determined by
taking a sum of a respective difference of each of the
respective individual cyclone control signaling X(1)
and the median control signaling X, applying the
scaling factor A, to each respective diflerence, and
normalizing the sum by the number N of the indi-
vidual cyclones being evaluated and controlled,
based upon the signaling received.
13. A PST system according to claim 12, wherein the
signal processor 1s configured to determine the primary
control signaling C using the following equation:

(Equation 1)

EN (I(I) — .if) S Ag

C=Xx+
* N

14. A PST system according to claim 12, wherein the
signal processor 1s configured to provide the primary control
signaling C to control the flow rate and pressure of the slurry
flowing from incoming piping and entering hydrocyclones.

15. A PST system according to claim 12, wherein the
correction factor may takes the form of the equation:

e

EN(X(E) — E) & A;
X+ .

N

16. A PST system according to claim 12, wherein the
respective mdividual cyclone control signaling x(1) contains
information about the particle size P(1) of particles passing
through each of the individual cyclones being evaluated and
controlled; and the respective individual cyclone control
signaling x(1) are generated by individual cyclone sensors
arranged on each of the individual cyclones being evaluated
and controlled.

17. A PST system according to claim 16, wherein the
individual cyclone sensors are arranged on individual over-
flows of the individual cyclones being evaluated and con-
trolled.

18. A PST system according to claim 12, wherein the
signal processor 1s configured to remove the respective
individual cyclone control signaling x(1) received from one
or more out-of-class hydrocyclones in the battery configu-
ration, and determine the primary control signaling C to
control the slurry flowing from the incoming piping and
entering the hydrocyclones arranged 1n the battery configu-
ration based upon this removal.

19. A PST system according to claim 18, wherein the
signal processor 1s configured to remove all out-of-class
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hydrocyclones that deviate from a predetermined median by
a certain amount or a certain number of standard deviations
away Irom the predetermined median before an average
calculation 1s performed.
20. A PST system according to claim 18, wherein the
signal processor 1s configured to remove any out-of-class
hydrocyclone where the respective difference of each of the
respective individual cyclone control signaling x(1) and the
median control signaling X deviates from a predetermined
median by a certain amount or a certain number of standard
deviations away from the predetermined median before an
average calculation 1s performed.
21. A PST system according to claim 12, wherein the
controller forms part of a particle size tracking (PST) system
having that 1s configured to give a particle size indication of
the slurry that 1s passed from individual hydrocyclones in
the battery configuration, including from one or more over-
flow pipes of the individual hydrocyclones.
22. A PST system according to claim 12, wherein the
signal processor 1s configured to combine the respective
individual cyclone control signaling x(1) for each individual
cyclone being evaluated and controlled into the primary
control signaling C determined.
23. A method for controlling a slurry flowing from 1incom-
ing piping and entering hydrocyclones arranged 1n a battery
configuration, comprising:
receiving, with a signal processor, signaling containing
information about respective individual cyclone control
signaling x(1) for each individual cyclone being evalu-
ated and controlled, median control signaling X of all of
the respective individual cyclone control signaling x(1),
a scale factor A, and a number N of the individual
cyclones being evaluated and controlled; and

determining, with the signal processor, primary control
signaling C containing information to control the slurry
flowing from the mmcoming piping and entering the
hydrocyclones arranged 1n the battery configuration by
taking the median control signaling X and adding a
correction factor, where the correction factor 1s deter-
mined by taking a sum of a respective difference of
cach of the respective individual cyclone control sig-
naling x(1) and the median control signaling X, applying
the scaling factor A, to each respective difference, and
normalizing the sum by the number N of the individual
cyclones being evaluated and controlled, based upon
the signaling recerved.

24. A method according to claim 23, wherein the method
comprises determining with the signal processor the primary
control signaling C using the following equation:

. 2y (x(i) — X) = A; (Equation 1)

N

C =X

25. A method according to claim 23, wherein the method
comprises providing with the signal processor the primary
control signaling C to control the flow rate and pressure of
the slurry flowing from incoming piping and entering hydro-
cyclones.

26. A method according to claim 23, wherein the correc-
tion factor may takes the form of the equation:

P

ZN(X(I') — i) % Ag
X+ .

N
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27. A method according to claim 23, wherein the respec-
tive mndividual cyclone control signaling x(1) contains infor-
mation about the particle size P(1) of particles passing
through each of the individual cyclones being evaluated and
controlled; and the method comprises generating the respec-
tive mndividual cyclone control signaling x(1) by individual
cyclone sensors arranged on each of the individual cyclones
being evaluated and controlled.

28. A method according to claim 27, wherein the method
comprises arranging the idividual cyclone sensors on indi-
vidual overtlows of the individual cyclones being evaluated
and controlled.

29. A method according to claim 23, wherein the method
comprises removing with the signal processor the respective
individual cyclone control signaling x(1) received from one
or more out-of-class hydrocyclones in the battery configu-
ration, and determine the primary control signaling C to
control the slurry flowing from the incoming piping and
entering the hydrocyclones arranged 1n the battery configu-
ration based upon this removal.

30. A method according to claim 29, wherein the method
comprises removing with the signal processor all out-oi-
class hydrocyclones that deviate from a predetermined
median by a certain amount or a certain number of standard
deviations away from the predetermined median before an
average calculation 1s performed.

31. A method according to claim 29, wherein the method
comprises removing with the signal processor any out-oi-
class hydrocyclone where the respective difference of each
of the respective individual cyclone control signaling x(1)
and the median control signaling X deviates from a prede-
termined median by a certain amount or a certain number of
standard deviations away from the predetermined median
before an average calculation 1s performed.

32. A method according to claim 23, wherein the method
comprises forming the controller as part of a particle size
tracking (PST) system having that 1s configured to give a
particle size indication of the slurry that 1s passed from
individual hydrocyclones in the battery configuration,
including from one or more overtlow pipes of the individual
hydrocyclones.

33. A method according to claim 23, wherein the method
comprises combining with the signal processor the respec-
tive individual cyclone control signaling x(1) for each 1ndi-
vidual cyclone being evaluated and controlled into the
primary control signaling C determined.

34. Apparatus comprising

means lfor recerving signaling containing information

about respective individual cyclone control signaling
x(1) for each individual cyclone being evaluated and
controlled, median control signaling X of all of the
respective mndividual cyclone control signaling x(1), a
scale factor A, and a number N of the individual
cyclones being evaluated and controlled; and

means for determining primary control signaling C con-

taining information to control the slurry flowing from
the incoming piping and entering the hydrocyclones
arranged 1n the battery configuration by taking the
median control signaling X and adding a correction
factor, where the correction factor i1s determined by
taking a sum of a respective difference of each of the
respective individual cyclone control signaling x(1) and
the median control signaling X, applying the scaling
factor A, to each respective diflerence, and normalizing
the sum by the number N of the individual cyclones
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being evaluated and controlled, based upon the signal-
ing received, consistent with that set forth herein.

¥ H H ¥ ¥
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